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Usman Ali*
Department of Mathematics, Minhaj University, Lahore, Pakistan
*sheikhmadaan@gmail.com
Abstract

Topological index (TI) is a mathematical formula which represents a
(molecular) network using graph isomorphism. Tl also predicts the
toxicological, structural, biological and physicochemical properties of a
chemical compound. Metal-organic network (MON) is a recently
developed chemical compound having versatile applications in
heterogeneous catalysis, environmental hazard, super- capacitors,
absorption analysis, energy and gas storage device, sensing, and the
assessment of several chemicals. MON consists of vertices (or metal ions)
and edges between vertices (or linkers) that provides a huge surface area,
excellent chemical stability, unique morphology, octahedral cluster, and a
large pore volume. At present, zinc based MONs are also used in
biomedical applications such as cancer imaging, drug delivery, and
biosensing. In this paper, we initially define the fourth and fifth
multiplicative Zagreb connection indices (ZCls). We also compute the
first, second, third, fourth and fifth multiplicative ZCls of two different
zinc based MONs, namely zinc oxide network (R) and zinc silicate network

(S).
Keywords: connection number, metal-organic networks, multiplicative
Zagreb indices

Introduction

Metal-organic network (MON) is the most popular chemical compound
dealings with metal-ion and organic-ligand. This network has a large
diameter, intensive area, and giant pore volume. A variety of MONSs have
been discovered in modern chemistry. Zinc based MONSs can be used to
discover luminescent thermometers, see [1]. Luminescent sensors are also
used in the electron rich T-conjugated fluorescent ligand with the help of
Zn based MON, see [2]. Moreover, MONs are widely used in the
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assessment of chemicals, energy and gas storage devices, adsorption
analysis, toxicology, biomedical application, separation of several gases,
biocompatibility, environmental hazards and heterogeneous catalysis. For
this reason, the mechanical properties and physical stability of these
MONs have become a topic of interest among scientists and researchers.

In non-linear optically processes, active MON Zn?** is averagely used
as a connecting points to overcome devalued d-d transition in the visible
regions. The bio-medical applications, toxicology, and bio-compatibilities
are currently the suggested production procedures of Zn based MONSs, see
[3]. Eddaoudi et al. [4] studied 16 highly crystalline compounds (IRMOF-
1 to IRMOF-16) that are also known as the isoreticular series of MONSs.

The range of fixed and free diameters is 3.8-19.1 A’and 12.8-28.8 A° for

IRMOF-1 to IRMOF-16- All IRMOFs have an ordinary topology
CaB(13) and appear according to the structure of IRMOF-1 such as Zn,0

tetrahedrons. Several IRMOFs such as IRMOFs-(8,10,12 and 16) have
non-crystalline networks. For more information, we refer to [5-7].

MON also predicts some properties such as impregnating suitable
active material [8], grafting active groups [9], biosensors enhancing
selectivity [10], post synthetic ligand [11], changing organic ligands and
ion exchange [12]. In his study, Lin et al. [13] (2009) presented MONs
related applications such as production-catalyst, photo-catalysis, sensing,
electro-catalysis, and super-capacitors. MONs also have versatile
applications such as the delivery of drugs [14], adsorption [15], storage of
gases [16-19], catalysis for the separation and purification [20, 21]. Graph
theory uncovered various numerical tools that are utilized in many sectors
of science such as mathematical chemistry, pharmacology,
pharmaceutical, computer science, drug discovery process, medicinal- and
bio-chemistry. These numeric apparatuses depict the physicochemical
properties of chemical materials liked flash point, tension, boiling point,
partition coefficient, correlation coefficient, temperature, heat of formation
and evaporation, see [22-24].

For the first time in the history of graph theory, Gutman and Trinajsti¢
[25] (1972) discussed degree based topological index (TI) to check the =-
electron energy of a chemical compound. At present, these Tls are
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abundantly used in the study of QSAR/QSPR and the latest porous
materials known as MONSs. Awais et al. [26] studied two different MONSs,
namely MON,(p) and MON,(p), where p>2 with the help of

generalized indices and their connection indices. Hong et al. [27] used
these MONSs to identify chemical suitability among a few well-known
degree based TIs. Recently, several authors also used the concept of
MONSs in the shape of line graphs to study some of their physical
properties for different Tls. They also computed neighborhood and M-
polynomials for different Tls of MONSs [28, 29, 30]. For more knowledge
about MON: s insight of Tls, see [31-33].

Tang et al. [34] used the concept of connection number, defined by
Gutman and Trinajsti¢ in [25] to compute the first Zagreb connection
index (ZCl). They also computed modified first ZCI of the sub-division
based operations on networks. At present, the Tls based on degree and
connection number are abundantly used in four layer neural networks see
[35]. Javaid et al. and Liu et al. [36, 37] computed the Tls of rhombus
silicate, rhombus oxide networks, and cellular neural networks. Javaid and
Jung [38] and Raheem et al. [39] computed M-polynomial based Tls of
silicate and oxide networks and two dimensional lattices of three layer
single wall titania- nanotubes. Moreover, Zhao et al. [40] computed
reverse degree based Tls of zinc based MONSs. Additionally, connection
number (or leap degree) based Tls are used to classify different classes of
networks, see [41-47].

In this paper, we define the novel multiplicative fourth and fifth ZCls.
We compute multiplicative first, second, third, fourth and fifth ZCls of
zinc oxide (IRMOF-10) and zinc silicate (IRMOF-14) networks. The
structure of the given paper is as follows: Section Il provides
preliminaries, basic definitions, and partitions of MONs. Section Il gives
the main results of MONSs, while Section 1V is dedicated to the conclusion
of this study.

2. Preliminaries

Let K be any connected simple graph. The cardinalities of the edge set
(| E(K)|) and vertex set |V (K)|) are equal to v and u, respectively. Let

d, (m) is the simple degree and 7z, (m) is the connection number of any
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vertex m. The average degree is denoted by d,(m) and defined as

2 di (m)

d,(m)="%____ The computed value of the average degree of any
u
graph holding order u and size v is &. The average connection number is
u
ZTK (m)
meV (K)

r.(m) and observed as 7, (m) = . The computed value of

average connection number of each graph having order u and size v is
M, (K)-2v

u
number of a vertex, we suggest to see [48, 49].

. For more notations, terminologies, degree and connection

Definition 2.1. For a (molecular) network K, the first, second and third
Zagreb indices are defined as

(@ M, (K) = Z [dK(n)]zz Z [dx (M) +dg ()],

neV (K) mneE(K)

®) M, (K)= > [de(mxdc (],

mneE(K)
© My(K)= > [demF= 3 [dim+dZm].
neVv (K) mneE (K)

Gutman & Trinajsti¢ [25], Gutman et al. [50], and Furtula & Gutman
[51] defined these degree based Tls to check the feasibility and chemical
ability of several (molecular) networks such as correlation coefficient, ZE-
isomerism, molecular weight, entropy, acentric factor, heat capacity,
density, volume, critical temperature, boiling point, acentric factor and
entropy. For more properties, see [52, 53].

Definition 2.2 [54]. For a (molecular) network K, the first and second
multiplicative Zagreb indices are defined as follows:

@  MZy(K)= [T [dcM)],

neV (K)

50 — I{ Scientific Inquiry and Review
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()  MZ,(K)= [T [dc(m)xd,(n].

mneE (K)
Definition 2.3 [55] For a (molecular) network K, the first multiplicative
Zagreb index is also defined as follows:

MZ,(K)= [ [dx(m)+d,(m].
mneE (K)
Definition 2.4. For a (molecular) network K, the first Zagreb connection

index, second Zagreb connection index and modified first Zagreb
connection index are defined as follows:

@  ZC(K)= >, [d ],

nev (K)
(b) ZC,(K) = Z [z (M) x 7 (N)],
mneE (K)
€  ZC(K)= Z()[dK(n)XTK(n)]: Z;, )[TK(m)+TK(n)]'

In 2018, Ali and Trinajsti¢ [56] redefined these connection number
based Zls. They checked these TIs on the thirteen physicochemical

properties of octane isomers. They also reported that ZC, — index is more
correlated among the others novel/old Tls.

Definition 2.5. For a (molecular) network K, the first, second and third
multiplicative Zagreb connection indices are defined as follows:

(a) MZC,(K) = H [7« (M7,

neV (K)

(b) MZC, (K) = H [z¢ (M) x 7, (N)],
mneE (K)

€ MZCy(K)= [] [de(Mxz, ()]
neV (K)

Haoer et al. [57] defined these connection based multiplicative Zagreb
indices. They used these multiplicative indices the same as multiplicative
leap Zagreb indices.

Definition 2.6. For a (molecular) network K, the fourth and fifth
multiplicative Zagreb connection indices are defined as follows:
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@  MZC,(K)= [ [rx(M+z (M,

mneE (K)
()  MZCy(K)= [ [dc(n)+z (M].

neV (K)
Definition 2.7. Zinc Oxide Network (ZNOX(p)): Zinc oxide (ZnQO) is a
chemical compound which is insoluble in water. ZnO has a strong
tendency for self organized growth. Also, the growth morphology of the
ZnO (nanorings, nanobelts, nanosprings, nanowires, nanocages and
nanocombs) is affected by the geometrical shape of the substrate. For this
reason, ZnO is suitable for short wavelength optoelectronic applications.
ZnO is also an inorganic compound. It has boiling point of 2360°C and
density of 5.61 g/cm®. This unique material directly produces wide band
gap (~3.4eV) ceramic n-tube semiconductors. Its hardness and thermal
properties such as specific heat, Debye temperature and thermal
conductivity, are dependent upon elastic coefficients of ZnO. ZnO has
three acoustic phonon bands, one is longitudinal and the remaining two are
transverse. The fact that ZnO has ionic bonding. The three coefficients of
the piezoelectric tensors are d,., d,, and d,, having values of -10, -5, and

12x10% mV *, respectively. ZnO is often applied in the production of
glazes, rubber, the pigment in white paint, and photoconductive surfaces.
Zn,0(BPDC), is also written as IRMOF-10, it is a three dimensional

cubic networks having a pore size of 16.7/20.2 A’in diameter, see [58].
The MON of zinc oxide of dimension 3 is presented in Figure 1.

Figure 1. Metal organic network (ZNOX(p)= R)
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Let R =ZNOX(p) be the zinc oxide related metal-organic network of
dimension p in the plane, see Figure 1. We take partitions of the network
R with the help of vertex set V(R ) and edge set E(R ). We see that every
vertex having a degree and connection number sets are {2,3,4} and
{2,3,4,5,8} respectively. We have V1= {n € V (R)|d, =2}, V2= {n € V
(R)|d, = 3}and Vs={n €V (R)|d,, = 4}, where | V1| = 42p +30, | V|
=26p +14 and | V3| =2p +2. So, |[V(R)| =|V1|+| V2| +| V3 =70p +
46. The partition of vertices with respect to connection number are V1 =
{heVvVR),7,=2},Va={neV (R)|,t, =3}, Va={neV (R)|t, =
4}y, Va={neV (R)|t,=5}and Vs={n € V (R)| 7,, = 8}, where | V1| =
2p+6, | V2| = 28p+20, | V3| = 30p+10, | V4| = 8p+8 and | Vs| = 2p+2. So,
[V (R)| =V +| Ve +| V3| +| V4 +| Vs| = 70p + 46. Now, the partition
of vertices with respect to degrees and connection numbers are Vi =V, . =
V,,={neV (R)|d, =2, 7,=2}, V2=V,,={neV (R)|d, =2, 7,=3
} V=V, ={neV (R)|d, =2, 7,=4}, Va=V,,={n €V (R)|d, =3,
7,=4}, Vs=V;;={n€V (R)|d, =3, r,=5}and V6=V, ;={n € V (R
) d, =4, 7, =8}, where | V1| = 8p, | V2| =50p +1, | V3| = 14p, | V4| = 22p
+1,| Vs =16p and | Ve| =4p, So, [V(R)|=|Vi|+]|Vz]|+| Vst | V4t |
Vs|+ | Ve| = 114p +2. The partitions of network R vertices are presented in
the following Tables 1, 2 and 3.

Table 1. The Partitions of Network R Vertices with the Help of Degree

v, 2 3 4

V| 42p+30 26p+14 2p+2

Table 2. The Partitions of Network R Vertices with the Help of Connection
Number

V., 2 3 4 5 8
M| 2p+6 28p+20 30p+10 8p+8 2p+2
School of Science f@“ 53
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Table 3. The Partitions of Network R Vertices with the Help of Degree
and Connection Number
Vy, 2,2 2,3 2,4 3,4 3,5 4,8

Vo

There are four types of partitions having edge sets of R with respect to
the degree as |[E(R)| = |EZ, |+ |EZs |+ |[ESs [+|ES,| = 85p + 55. There are
seven types of partitions having edge sets of R with respect to connection
number of vertices as | E(R)| = |E5 3 |+ |ES3 [+|ES 4| +|ESs |+ |ES 4 |+|ES 5]
+|ES g | = 85p + 55. The partitions of network R edges are presented in the
following Tables 4 and 5.

Table 4. The Partitions of Network R Edges with the Help of Degree
Edmac Ez. E;s Ess E;.

8p 50p+1 14p 22p+1 16p 4p

6p+16 52p+28 9p+3 8p+8

d
‘Ed<m),d(n>

Table 5. The Partitions of Network R Edges with the Help of Connection
Number

c
ET(m),f(n)

c c c c c c c
E2,3 E3,3 E3,4 E3,5 E4,4 E4,5 E5,8

Ec(m) o 4p+12 4p+12 24p+12 4p+12 21p+7 12p+4  8p+8

Definition 2.8. Zinc Silicate Network (ZNSL(p)): Silicate is one of the
most interesting largest class of mineral in the world. SiO, is a mixture of

sand and metal oxide. SiO, tetrahedron is used as the basic chemical unit

of silicate. In graph theory (or chemistry), we represent centre vertices and
corner vertices of silicate with silicon nodes (or silicon ions) and oxygen
nodes (or oxygen ions), respectively. A silicate sheet is a ring of
tetrahedron which is attached to other rings by sharing oxygen nodes with
other rings in a two dimensional plane. Such silicate sheets are recognized
as sheet-like networks. Some other well-known networks of silicate are
pyrosilicate, orthosilicate, chain silicate, cyclic silicate and sheet silicate.

54 — I{ Scientific Inquiry and Review
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Zn,0(PDC), is also written as IRMOF-14, it is a three dimensional cubic

networks having a pore size of 14.7/20.1 A’in diameter, see [58]. The
MON of zinc silicate of dimension 3 is presented in Figure 2.

Figure 2. Zinc silicate network (ZNSL(p)= S)

Let S =ZNSL(p) be the zinc silicate related metal-organic network of
dimension p in the plane, see Figure 2. We take partitions of network S
with the help of vertex set V(S ) and edge set E(S ). We see that every
vertex has degrees and connection numbers sets as {2,3,4} and
{2,3,4,5,6,8}, respectively. We have Vi={n € V (S)|d,, =2}, Vo={n €
V(S)|d,=3}and Vs={n eV (S)|d, = 4}, where | V1| = 42p +30, |
V2| =38p +18 and | V3| =2p +2. So, |V(S)| =|V1|+]| V2| +]| V3 =82p
+50. The partition of vertices with respect to connection numbers are

Vi={neV (S),t, =2} Ve={neV(S),7,=3}, Va={n eV (S
Nt,=4}, Va={neV (S)|t,=5} Vs={neV (S)|t, =6} and Vs =
{n eV (S)|t, = 8} where | Vi| = 2p+6, | V| = 16p+16, | V3| = 48p+16, |
Vi| = 8p+8, | Vs| = 6p+2 and | Ve| = 2p+2. So, |V (S)| =| V1| + | V2| +| V3|
+| V4| +| Vs| +| V6| = 82p + 50. Now, the partition of vertices with respect
to degrees and connection numbers are

Vi=Vy =V,,={neV (S)|d, =2, 7,=2} Vo=V,;={n€V (S)|d, =
2, 7,=3} V3s=V,,={neV (S)|d, =2, 7r,=4}, Va=V,,={n eV (S

i Al
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Ndy =3, 7,=4} V5=V, ={n €V (S)|d, =3, 7, =5}, V6=V, ={n €
V(S)|dy =3, 7,=6} and V:=V,,={n € V (S)|d, = 4, 7, =8} where

| V1| = 8p, | V2| = 30p +1, | V3| = 30p +3, | V4| = 30p +3, | V5| = 14p +1
and | Ve| =8p and | V7| =4p So, |V(S)|=|V1 |+ V2| +| Val+| Va|+| Vs|+|
Ve|+| V7| = 124p +8. The partitions of network S vertices are presented in
the following Tables 6, 7 and 8.

Table 6. The Partitions of Network S Vertices with the Help of Degree

V, 2 3 4

[\/d| 42p+30 38p+18 2p+2

Table 7. The Partitions of Network S Vertices with the Help of Connection
Number

2 3 4 5 6 8

Vr
[\/T| 2p+6 16p+16  48p+16 8p+8 6p+2 2p+2

Table 8. The Partitions of Network S Vertices with the Help of Degree
and Connection Number

V,, 22 23 2,4 34 35 36 48

M 8p 30p+1  30p+3  30p+3  14p+l 8p 4p

Now, there are four types of partitions having edge sets of S with
respect to the degree as |E(S )| = |ES, |+ |EZ; |+ |ES5 [+|ES,| = 103p +61.
There are seven types of partitions having edge sets of S with respect to
connection number of vertices as | E(S)| = |E53 |+ [ES3 [+|ES 4| +IESs|+
|ES 4| +ELs|HES 6|+ |Esg| + |E€6|= 103p + 61. The partitions of network S
edges are presented in the following Tables 9 and 10.

Table 9. The Partitions of Network S Edges with the Help of Degree

Edmam E;. E;s Ess Es,
‘Eg ) 10p+14 64p+32 21p+7 8p+8
56 —— 3 l{ Scientific Inquiry and Review
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Table 10. The Partitions of Network S Edges with the Help of Connection
Number

E e E;s S Es Ess Eis
E°(m) - 4p+12 6p+2 12p+4 4p+12 42p+14
Erc(m),r(n) E:,s E:,s E5C,8 Eg,e }

c + + + + -
E mctn 12p+4 12p+4 8p+8 3p+l

3. Main Results for MONs

This section computes the main results for the first, second, third, fourth
and fifth multiplicative Zagreb connection indices of zinc oxide and zinc
silicate related MONSs.

Theorem 3.1: Let R=ZNOX(p) and S =ZNSL(p) be two MONSs of
dimensions p. Then, the first multiplicative ZCI of two MONs R and S are
as follows:

a
(M)ZCl(R) = 2.4772608x10™ p° +1.49815296 x10" p* +3.016359936 x 10" p°
+2.504392704 x10" p”® +7.56154368 x 10" p +1.769472000 x10°
(b)

MZC, (S) = 4.892236186 x10™ p°® +3.261490421x10" p° + 7.881936078
x10" p* +9.132173844 x10" p*® +5.381459805x10" p? +1.522029036 x10" p
+1.630745795 x10*

Proof (a). By principle,
MZC,(K) = H [7« (m]°

neV (K)

= H [z (M x H [z (M x H [z (M x H [z (M x H [z (M

nevy nevy nev, neve neVy

By using Table 2,

i Al
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= (2p+6)(2)% % (28p +20)(3)2 x (30 p +10)(4)2 x (8P +8)(5) x (2p + 2)(8)?
= (2016 p? + 7488 p + 4320) x (96000 p? +128000 p + 3200) x (128 p +128)

= 2.4772608 x10™ p° +1.49815296 x 10" p* + 3.016359936 x 10" p*
+2.504392704 x 10" p? + 7.56154368 x10' p +1.769472000 x10°.

(b). By principle,
MZC,(K) = H [z« WI§

neV (K)

=[] les T x [T les M x [T [rs P x [T [rs(MF x [T [rs(MF x

nevy nevy nev; neVy neVy

[T [zs(mr

neVy
By using Table 7,

=(2P +6)(2)* x (16p +16)(3)* x (48p +16)(4)* x (8p +8)(5)% x (6 p + 2)(6)* x
(2p+2)®)°

= (1152 p? + 4608 p + 3456) x (153600 p + 204800 p + 51200) x (27648 p>
+ 36864 p +9216)

=4.892236186 x10" p° +3.261490421 x 10" p° + 7.881936078 x 10" p*
+9.132173844 x 10" p® +5.381459805 x 10" p* +1.522029036 x 10" p
+1.630745795 x10".

Theorem 3.2: Let R=ZNOX(p) and S =ZNSL(p) be two MONs of

dimensions p. Then, the second multiplicative ZCl of two MONs R and S
are as follows:

(a)

MZC, (R) = 9.57655233 x10™ p® +1.33829567 x10" p’ +9.785365205 x 10"
p° +2.469533816 x 10" p° + 2.48995058 x10™ p* +11.43990477 x10" p*
+2.729399844 x 10" p* + 4.004443423 x10" p +3.522410054 x10",

58 — l{ Scientific Inquiry and Review
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(b)
MZC, (S) =1.479074071x10* p*° +1.380469133 x10% p° + 4.979549374 x

10% p® +9.11547872 x10% p’ +9.688848174 x10% p° +6.931561944 x10*
p° +2.775140623 x10% p* +13.68160423 x10% p* +13.7965757 x10™ p +
6.086724573x10" .

Proof (a). By principle,
MZC,(K) = H [z (M) x 7, ()]

mneE (K)

= [T [reMxzeMIx [T [ra(m)xze(MIx [T [ra(m)xze(n)]x

mnek; 5 mneE; 5 mnekE; g

[T [za(m)xzg(n)]

mneE; 5

x [T ramxzegM]x [T [re(m)xze(MIx [T [za(m)xzz(n)]x

mneEg , mneE; 4 mneE; ,

[T [za(m)xze(m)]

c
mneEs g

Es | Q@) % |[Esam| B)E) %
(A)4) x [ES | )@ %
By using Table 5,

= (4p+12)(6) x (12p +4)(9) x (4p +12)(15) x (12 p + 4)(20) x (12 p + 4)(16) x
(24p +8)(12) x (9p + 3)(16) x (8 p +8)(40)

= (2592 p? + 8640 p + 2592) x (14400 p? + 48000 p +14400) x (55296 p? +
36864 p + 6144) x (464 p? + 61440 p +15360)

=9.57655233 x10™ p® +1.33829567 x 10" p’ +9.785365205 x 10" p® +
2.469533816 x10™ p® + 2.48995058 x 10" p* +11.43990477 x 10" p* +
2.729399844 x 10" p? + 4.004443423 10" p +3.522410054 x10".

Essm| Q6) X [Efs| (4)6) x
EZ,4(R)‘ (4)(4) x ESC,S(R)‘ 5)®)

C
E4,4(R)‘

School of Science \;
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(b). By principle,
MZC,(K)= ] [rx(m)xz,(n)]

mneE (K)

= [ [esmxzsmIx [T [rsmxzs(MIx [T [rs(m)xzs(n)]x

mneE; 5 mneE; , mneE; g

[T [z(m)xzs(n)]

mneE; 5

x [T [esm)xzgmIx [T [rs(m)xzg(m]x [T [rs(m)xzs(n)]x

mneEg , mneE; 4 mneE; ,

[T lesm)xzgmlx [T [esmxzs(Ix [ [rs(m)xzs(n)]

mneEj ¢ mneEg ¢ mneEg g

Ess0)| (QG) % [Ess)| Q@) % [Esss)| B)E) x [Efs(s)| (A)6) x |Ef os)
(A)4) % [E5 4s)| Q@) x|Ef )| (@) % [ES 55)| (9)(6) x|E& o(5)| (6)(6)

Esss| (5)©)

By using Table 10,

= (4p+12)(6) x (6p +2)(9) x (4p +12)(15) x (12 p + 4)(20) x (36 p +12)(16) x
(12p+4)(12) x (6 p +2)(16) x (12p + 4)(24) x (3p +1)(36) x (8 p +8) (40)

= (1296 p* + 4320 p +1296) x (14400 p? + 48000 p +14400) x (82944 p? +
55296 p + 9216) x (27648 p* +18432 p + 3072) x (34560 p? + 46080 p +11520)
=1.479074071x10% p™® +1.380469133 x10% p°® + 4.979549374 x10% p® +
9.688848174 x10% p® +6.931561944 x10% p® + 2.775140623 x10% p* +
7.769365766 x10* p® +13.68160423 x10% p? +13.7965757 x10™ p +
6.086724573x10%.

Theorem 3.3: Let R=ZNOX(p) and S =ZNSL(p) be two MONs of

dimensions p. Then, the third multiplicative ZCI of two MONs R and S
are as follows:

(@)
MZC, (R) = 8.719958016 x 10" p® +5.707608883 x10™ p® + 7.927234560

x10° p*,
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(b)
MZC,(S) =1.926317998 x 10" p’ +5.872683423 x 10" p° + 6.421059994

x10"™ p® +2.935341711x10* p* + 4.586471424 x10% p°.
Proof (a). By principle,
MZC,(K) = ] [dk(n)xz(n)]

neV (K)

=[] [da)xzo(MIx ] [da(Mxze(MIx [T [de()xze(m]x ][]

nev, , nevs 3 nev, 4 nevVs 4

[de () x 75 ()]
x JT [da(m)xze(M]x JT [de(n)xzz(n)]

NeVys neVyg

By using Table 3,

=Bp)2x2)x(50p+1D)(2x3)x(14p)(2x4) x(22p +1)(3x4) x (16 p)(3x5)
x (4p)(4x8)

= (9600 p* +192 p) x (29568 p* +1344 p) x (30720 p?)

=8.719958016 x10 p® +5.707608883 x 10" p° +7.927234560 x10 p*.
(b). By principle,
MZC,(K) = T [dc(n)xz (n)]

neV (K)

=[] [smxzs(m]x T [ds()xzs(mIx [T [ds()xzs(mIx ]|

nev, , nevs 3 nevs 4 nevVs 4

[ds (n) x 75 (n)]
x [T [ds(Mxzs(MIx [T [ds(M)xzs(mIx [T [ds(n)xzg(n)]

By ugé,sing Table 8, ) )
=Bp)(2x2)x(B0p+1)(2x3)x(30p+3)(2x4)x(30p+3)(3x4)x(14p+1)
(3x5)x(8p)(3x6)x (4p)(4x8)
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= (5760 p® +192 p) x (86400 p* +17280 p +864) x (30240 p* + 2160 p) x (128 p)
=1.926317998 10" p’ +5.872683423x10" p° + 6.421059994 x 10" p° + 2.935341711

x10" p* +4.586471424 x10" p°.

Theorem 3.4: Let R=ZNOX(p) and S =ZNSL(p) be two MONSs of

dimensions p. Then, the fourth multiplicative ZCI of two MONs R and S
are as follows:

a
(M)ZC4 (R) = 6.010112154 x10* p® +5.208763867 x10* p’ +16.69475598 x
10" p® +2.533150975 x10" p° + 2.062710329 x10" p* +9.611232853 x10"™
p® +2.577175665 x10™ p? +3.709945774 x10™ p + 2.225967464 x 10",
(b)
MZC, (S) =1.298184225x10" p™ +1.21163861x10" p° + 4.370553558 x 10"
p® +3.915708269 x 10" p’ +8.503908024 x 10" p° +5.6457658 x10™ p°
+2.383565961x10" p* +5.69847671x10" p®6.309875773x10" p* +
3.561547944 10" p +5.342321915x10"%.

Proof (a). By principle,
MZC, (K) = H [z« (M) + 7, ()]

mneE (K)

= [T e +zeMIx [T [ra(m)+zeMIx [T [za(m)+ze(n)]x

mneEs 5 mneEg , mneEg 5

[T [eem)+zeMIx [T [raM+zeMIx [T [a(m)+zq(m)]x

mneEy 5 mneEy 4 mnekE; ,

[T [za(m)+ze(n)]

mneE{,

x [T [r=(m)+7z(M)]

[
mneEs g
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Ess| (3+5) x |Efgm| (4+5) x
E;,B(R)‘ (5+8)

Cc
E4,4(R)‘

Essm| (2+3) x [Esym)| (3+3) x
Es y| (3+4) x [Efym| (4+4) x

(4+4) x

By using Table 5,
=([4p+12)B)x (12p+4)(6) x (4p+12)(8) x (12p +4)(9) x (12 p + 4)(8) x
4p+8)(7)x(9p+3)(B)x(Bp+8)(13)

= (1440 p° + 4800 p +1440)(3456 p? +11520 p + 3456) (16128 p> +10752p
+1792) (7488 p? + 9984 p + 2496)

=6.010112154 x10" p® +5.208763867 x10™ p’ +16.69475598 x10% p° +
2.533150975x10" p° +2.062710329 10" p* +9.611232853x10" p* +
2.577175665 x10™ p® +3.709945774 x10™ p + 2.225967464 x 10",

(b). By principle,
MZC,(K)= [T [rc(m)+7(n)]

ek
= ] featm sl [T frstmees@lx TT [rs(m+ (]
frs(m+ 2,1 [T Trs(m)+ 2,1 TT festmeesilx [T
o)
< TT festm e TT [+ sl [T frs(m o)

:‘Ezc,3(5)‘ (2+3) x E;,S(S)‘ (3+3) x
(4+4) % |ES )| (B+4) x [Efsy| (4+4) x
EE?,S(S)‘ (5+8)

E§,5(5)‘ (3+95) x E:,S(S)‘ (4+5) x ‘E:A(S)‘
E:,G(S)‘ (4+6) x Eg,G(S)‘ (6+6) x
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School of Science ;’®‘; 63
Volume 5 Issue 1, 2021 Nl




Computing Novel Multiplicative Zagreb...

By using Table 10,

=@p+12)(5)x(6p+2)(6)x (4p +12)(8) x (12p + 4)(9) x (36 p +12)(8) x
Q2p+4) () x(6p+2)B)x(12p+4)(L0) x (3p+1)(12) x (Bp +8)(13)

= (720 p* + 2400 p + 720) x (3456 p* +11520 p + 3456) x (24192 p* +
16128 p + 2688) x (5760 p* + 3840 p + 640) x (3744 p? + 4992 p +1248)

=1.298184225x10" p*® +1.21163861x10"™ p°® + 4.370553558 x 10" p® +
3.915708269 x10™ p’ +8.503908024 x 10" p® + 5.6457658 x10"™ p° +
2.383565961x10" p* +5.69847671x10" p®6.309875773 x10" p® +
3.561547944 x10™ p +5.342321915x10".

Theorem 3.5: Let R=ZNOX(p) and S =ZNSL(p) be two MONs of

dimensions p. Then, the fifth multiplicative ZCl of two MONs R and S are
as follows:

(@)
MZC, (R) = 6.35830272 x 10" p® + 4.161798144 x 10" p° +5.78027520 x10° p*,

(b)
MZC,(S) = 7.023034368 x 10% p’ +2.140353331x 10" p°® + 2.341011456 x

10" p® +1.070176666 x 10" p* +1.672151040 x10° p°.
Proof (a). By principle,

MZCy(K)= [T [dy(n)+7, (M)]

neV (K)

= [T [dz()+zo(MIx [T [da(n)+7MIx [T [dz()+z(MIx [T

nevz,, neVy 3 neVa 4 neVs 4

[dx(n)+7¢(N)]
x [T [de(m+ze(MIx [T [de(n)+7(n)]

nevy s nev, g

By using Table 3,
=Bp)2+2)xB0p+D(2+3)x14p)(2+4)x(22p+1D)(3+4) x (16p)
(3+5)x(4p)(4+8)
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= (8000 p? +160 p) x (12936 p* + 588 p) x (6144 p*)
=6.35830272 x10" p° + 4.161798144 x10™ p°® +5.78027520 x10° p*.
(b). By principle,

MZCy(K)= [T [d«(n)+7,(n)]

neV (K)

=[] [sM+zMIx [T [ds(m+zs(MIx [T [ds(m+zs(m]x [ ]

[d (n) + 74 (M)] | | |
< TT [ds(m) + 7o (M x T [ds )+ 251 x T [ds (M) + 75 ()]

By using Table 8,
=Bp)2+2)x@B0p+D(2+3)x(B0p+3)(2+4)x(30p+3)(3+4)x
(14p +1)(3+5) x (8p)(3+6) x (4p)(4 +8)

= (4800 p® +160 p) x (37800 p* + 7560 p +3787) x (387072 p° + 27648 p°)
=7.023034368 x10" p’ + 2.140353331x 10" p® + 2.341011456 x10* p°
+1.070176666 x 10" p* +1.672151040 x10° p*.

4. Conclusion

In this paper, we computed the first, second, third, fourth and fifth
multiplicative Zagreb connection indices of two different zinc oxide (R)
and zinc silicate (S) related MONSs by keeping in mind the increasing layer
p for both metal ions and organic linkers.

Future researchers can compute the multiplicative Zagreb connection
indices (ZCls) of other MONSs with respect to the degree and connection
number-based Tls. Further research can also be done on other MONSs
using Randic index, general Randic index, general first Zagreb index, and
modified multiplicative Zagreb connection indices.
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